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1.1, INTROOUCTION: I e )

" An estcblivhwdrmathod of using thyristors to regulste altorneting
wlt.go-owpliea is to Wthu o8 tap-changing switcheo on a trens-
former, High switching speeds sre pﬂn!.bla. Tha centrol of the ewitche
ing pettsrn perwits sccurate regulation of output voltage. with loads
having long time constants, the switching dutcycle apy allow sech tep
to be connected eontinuously to ths load for ssveral cycles. In many
ceses, however, this is unsccopteble end veristion in output voltege
must dccur no more slowly than the neminal cycling of supply voltage.
It is convenient to schieve this by moving through one cawplsta (q;- ‘
changing sequance every half cycle of supply voltags es it ie then
pogaible to utilize mmtural commutation of thyrigter switches.

The inverss parsllel connected thyristors opurate oo bilateral
switches end at the start of scthhelf-cycle, m af the ‘pdr of thyrh-
_tors cancheta supplying voltage to the load. mtine. m. in the
next haly cycla. the other thyrietor of tha pair {s fireds The cireuit
is sm),u aml because only & fraction of the asutput power ie h-ndled
diractly by the SCR, componcat ratinga ere relatively low. The same cen-
trol circuit con be used for the regulater of sny rating. Only tho power
module ohd the regulator transferwersre required to bs Med to chenge
the reting of the regulator. | - B

The tapsewitthes §f the regulator transformer will be sslected
in ateps of discrets variation of voltqo et the irput side., 1f we cone
sider the regulator using servomoter {in which the continuous input varis-
tion will oparste the servomoter continucusly} as on onaleg veltage regu-
leter, wa mey call the discrete variation typs voltege regulator as s
digitsl veltage regulator.



1-2,HISTORICAL BACKGROUNDs

A.C. 'voltage regulators axe used to obtein steady voltege from
a fluctusting supply voltege. Changes in supply voltegs level sbove end
below the nosinally declared valus, {? exceeds a certein limit, may cause
serious problema. The eppliances end equipment connected to the systes ‘
may get demaged, complicsted production line may stop, the entire system
may be required to b@fwﬂagain,readings of the indicating systes way
become erronecus, thus creating a lot of inconveniences end slse nsy result
in loss of revenue, for continuous and precisien operation and protection

of the system concerned, voltageregulatozre are sssential.

The sbbrevistion AVR i3 used for Autowertic Voltags Regulator. It is
e device with the help of which line voltage cen be regulated. In fect, AVRe
ars ;ned in obtaining a predetermined fixed voltage from s varying or chan=
ging voltage source, However, AVR cen provide with a congtant output only
for a ceftaln range of varistion of the input voltege. The maximun tolerable
voltege varistion for most AVR equipments are foond to be sround %loX of the
ndpinal voltage.

for squipmenta like coeputers and coeputing devices, telavigions,
control esquipwent for various industrial installations, telsphone ci:pipluentt.
and other communicetion equipments, weell _fnnd ne;dim oize refrigerating units,
stege lighting control dimming equipment, breasdcasting cquiﬁnonté- and several
ether squipwent and {ngtalletions, AVRs are neaded for smooth operation and

protection.



In an sutcaatic voltnﬁe regulatar there ors tap~-changing trens-
former or Buck and Booet tfamfamer end the gutometie centrol part. In
the sutomatic contrel portion thers moy be servo-motor cantrolled by
électronic cireuits or eioctronoc.lly controlled switching circuits, for
switching the trenaformer teps. If it is desired that the sutput from
the voltege regulator be fixed to one value, in that cess alect:oc-lly
controlled servomctor is naca-lury for continuous mhtion at the input
sida‘.: jaut {f it cen be tolerated that the output fzom tha AVR can remain
within @ renge ( say * 54), step veristions msy be done at the input side.

Thers ars two types f AC AVR pquipmentes 3
(1) Continvous veristion type using servomotez,

(2) Diacrete varidtion type using tep-switches.

Tho AVR using buck and boost tranaformer and servomoter is shown in
'ig.-lu

AC irput is aupplied to the input terwinals of tha buck end boost
tronsformer snd the regulated AC output ie taksn from tho output termi-
nals of the ssre. Tha servomotor shaft is mechsnically connected to the
moving contact of the regulstor trensformer. When nermsl line wlﬁgc in
present g is connectsd to the point d end the transformer eocendary is
gherted to short out the trensformer primary (beceuss ths inpedence of
the transformer will be reduced). then high line vnlta.gu is present paint
p meves towerda b to buckdown the input voltege. When lew lins voltage is
pzosent peint g moves towsrds a to boost up the input voltegs. Rectifier)
_supplies current to the field of the servomctog, Frem rectifier 2, ths
tﬁforalnce voltage end the input to the comparstor ars asbtained, When the
imput ie diffszent fzom the referencs voltsge oe the input et line vol-
tege is high or low, a current will flow through the .nnture of the servo-
motor. Then the servomotor will warqta the contact g of tho zegulater

transformer to make required correctien to the line voltage.

_?_.—
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t=3. FBRM.ILA?IUN OF THE PmLEQ

.. A Ao voltego regulator, having the sbility to booot wp ex MM
the swply voltage tolprtdltlmtnednluhnbmduimd Nﬂhwltdtn
tha thpef the originel duign by Tepex uaetmﬂu in which they uscd m
t:mfa:—tapp 1.0 ¥ = 3, Blgital logic circuite have besn used to control the
output voltege of the regulater. The sssential featurso of the cysten have besn
ghown in the bleck disgrem as in figure 2 end 3-. Thc‘eonttol circuit diagram
1a shown in Tigure 4. |

 In three phese circuits, one control circuit is used in .-:h phase, sape-
rately. The voltage repulator consists of (1) = solid stats control circult
(2) + & tepped transforwer and (3) solid etats tep switches.

The control circuit senass the lins voltege end determines what correction
sust bs made. The selid state tep awitchos are controlled by the control cir-
cuit. The selectad tepsof the treneformez are opergibed by tham. Tho required
correction to th, lins voltage is then mede by the transformer. _

mmtdatorhduimdinwehauyihtthowtput fzom the regule-
tor will slways remain st 220 + 5% walts for e varistion of input voltage from
200 V to 250 V. When eny of the line voltege | toneﬂtmt)tttdas » valus wore
thgnh 250 V, over valtage protection eircuit will opexste and trip ths line cir-
~ cuit breskor. When a fault occurs in the circuit of say phase, an unbalence
occurs in the 1 phuss spply mains, lina lose edrouit -ul operodcand trip
the line circuit bzesker. Whon the line wvoltege drops tc a valus lass than the
rated mininw of 200 V to (neutzal) the ¢river iphibit output will be at logic
0. This outeut is swpplied to a relay which will cperete end trip line cireuit
broskez. The inverter and the low imput veltege sensor cireuit conatituts the
driver inhibit. ’
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-_Anothor output is td:eﬂ from the LIVS circuit end conhected
to one input of eech NAND-gete. Thus the NAKD-gatas ere sled prohi.
bited to cperats under this condition. '

The regulating tresforwer ia deaignad in such way thet it
can sten up the input voltage ., leave it qnchhngad qrbtp{:it down,

The input attenustor reduces the line voltage to s desired

. optimm valus and feeda the input roctifier. The ractifier rectifies

the negative hslf cycles of the line frequency and foeds 4(four} com-
parstors. Among the comperators, two asre low trip peint input compere-
toxr {LTP1 1 snd 2) and the other two are high tip point imput compare-
tors (HTP1 1 and 2). Thae output of the ractifier will bo proportional
to the input voltage. At the another input temmindl of sach comparator,

a reference de voltage is supplied. A voltage in the form of squars waves
will sppear at the output of e comparator, whan the rectifisd voltage
exceeds a certain limit. When 1ine voltage is bolw 200V, nons of the
comparators hes got output.‘ When the lime voltage is sbove 230V, compe-
retor {{LTP1 1) will have squsre waves at it's output . When lime voltage
is sbove 220V, comparstor 2 (LTPI2) will have square waves at it's output
togsther with comparetor 1. when lins voltage is above 230V, comparator 3
(HTP1 1)}, will have squsre waves at it's output, together with comparators
1 end 2, khen line voltage is above 240V, comparstor 4 (HTP12) will have
sGquare waves at it's output, together with comparstors 1, 2 end Je

The outputs of these comparators will be fad to a set of four RS-
flipaflops which constitutes first levol of date storage. Clock pulses are
swpplied to the RS- flip-flops to x transfar data from the input to the
output. Thus when a clock pulse comes, thg input of the RS flip-flop will
sppesr st the output.



'fh. :mtput. of these Rs-ﬂ.i.p flops sre fud to & sot of four
b-fup-nqu which conetitutes the eecond leval of datastorsge. Clock~
hulses are swplied to D-flipfiops to Tespond to eny chenges of state
at their inputs frow RS flipflops.

Tha outputs of D«Flipflops are 8 (aight) in nusber in total.
These outputs are connected to s set of fi.vc S.input NAND gates. Another '
input is supplied to sach of the NAND-gates from the driver inhibit lina.
%0, in totsl 9 {(nine) output terminals sre distributed to S(five} NAND
getes. One NAND-gate will heve output state logic U, when end only when
all the inputs comnected to it ere logic 1. The ragulator ie depigned in
auch & way thnt when ths line wvoltage is in the range of 200V to 250V,
only ons of the NANﬂ-cltu will have logic O at it's oulput. Outeids this
range, the circuit will remain off, The output from esch HAND-gate is
inverted, eonvarted to negative logic end fed to the gates of triscs of
the power module., Two triscs and teo SCRe connected in inverse parellel
comprises » solid stats tepe ewitch.The SCRs are copnected in (nverse
parallel to pass current for both holscycles of the line voltage. Tha SCRe
ere ccnnected to proper taps of the regulating trmfomr. The pair of

SCRs which have got triggering voltuget from sha. nsng‘j:qx élrcuite
the transformer tep connected to thet peir will be sslocteds Then tha output
wvoltage will be detamined by the regulating treneformer. For low power
regulators only triscs sre used for tep switchess But for high power regu-
latcrs, two SCRe are skso edded to the sst 6f two triace to mske ons tep
switch,
The regulating trenpformer is » multitep auto-transformer with an
Auxtliayy sscondary winding. The suto-trensformer pert hse tﬁt 6lein) of tep
points. The euxiliary secondery winding hes got © coudfmp switch which
shorts the secondary sido whan normal line voltege sppesrs at the meins.Then
the trensformer cors becokes saturstad to reduce it's iwpedence. The Autuntic
voltage regulstor also hes phase sensing circuita which contrals the timing
of tﬂ-ehuﬂgas The phase sensing circuite srs comprised of clocknqu-r.unva
genorator. twa phase clock generator and a low input voltage sensor. The
clock-square wave generstor converts sinewaves of line voltage to
squere waves by 8 monosteble wultivibretor circuit. The cquars -~ waves

-l -



‘s then converted to two pulses, one is phese 1 clack pulss and the other

is phase 2 clockpulse. Phass 1 cleckpulse drives the SR flipfleps and phaoe
2 clockpulse drives the D- flip-flops. The two phese clock-génerster supplies
nﬂet_her pulse tc the clocksquare-wave generator.

_ The low input voltage semsor circuit output is logic Ojwhen andrdply
when the line vultage is sbove 200V. Below 200V it iec legic 1 « Tha output
of LIVS is inverted, pssied through a DFF and then supplied to one input of
_each NAND-gate.

The timing diagrem has been ahown in the figurs S. The timing disgrsm
hae besn preparad with respact to the block diagrem of fig. 2. AC input vol-
tege at different phanes is shown st the top of the disgrasme Outputs of the
rectifiers sre shown et al, a2, @3 and o4, 0.Co reference voltage is shown
belows k When voltages st al, e2, #) snd #4 are highsr then ths reference
voltegs, output af the cmparato;l sre logic 1(on) a» shown at Al, A2, A3 and
M. Clock phas 1 and 2 are shown at g 1 and §2, Resst-set flipflops are set
and reset sa shown at B1, 82, 83 ond 84, When any comparater output is at
logic 1 (on), output of_ the SR flipflop connected o that comparstor is also
at logic 1{on). O flipflop output is et logic 1{on) or logic O (off) es shown
ot C1,C2,C3 64, CB, C6, C7 and CB. When eny SR flipflep.output is et ldgic 1,
the O- flipflop . connected to SR flipflop hae sleo lgpic 1 at ite output. The
final outputs of the control circuit are shown et D1, D2, D3, 0‘ and 05. Then
clock squars wave generstor output, Lew input wvoltega senser sutput and the
driver inhibit outputs are shown,

Tha truth tsble of the control logic circuit has also been ahown in
tig.-6. Conditions for the input voltage are marked sa very low, low,normal,
high and very high. for comparators shd flipflope legic 1 is on and logic 0
is off. For MAND gates logic 1 is 10V and legic 0 is OVe After the inverter
logic 1 is <10V end legic O is GV, When all the irputs to & NAND gate i
logic 1 (10 V), it's output is legic D (OV). 1f the input to the inverters

1s logic O(DV), its output is logic 1 { -10V) end 4if tho imput is logic 1
(=10V), it's output is logic 0 (OV). At tha inverter positive logic is

convertod to negetive laogic.

._.lg._.
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b CONSTRUCT 10N OF THE REGULATOR

 The regulstor aystee is constituted with the following sectioné &

1) Input attenustor snd rectifier.
2) Comparaters.

3) R.8 flipflops.

4) D-Flipflops.

5) NANC-gatev.

6) Control power sipply.

T Cleck-n.quumvo generater,

8) Two phese Clock ganerators

" 9) Low input voltage :sno;r circuit.
10) Power modules.

11) Lineloss end overvoltsge protector circuit.

12} Tep changing transformer.

— 13-



CHAPTER. 1]

4-l. QPERATION OF EACH SECTION OF THE SYSTEM
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2-|)OPERATION OF EACH SECTION.: .
H;{’-‘!Qut ..M:ﬂ_ uator gnd rectifier:

The inﬁut'nne voltage is asttenuated by a einglo resistence’
_attenuater which is used to reduce tha seplituds of the input wave-
form. 14 is half wave rectified for negative half cycles of the input
line volt/aga. 1t ia then applied to the input cos;parntnr. where it is

compared with s de reference voltage.

&e% Gomparators)

_The input comparators genersto s high (1) ou£put if the nyqotiv-
pesk of the input line voltage goes wora negetive then o |P;,:e;et_
valus. There are four input comparators. T'un are lowetripeint snd the
other tg:o ore high tripeint comparstora. These are used to convert

r~- og input signal to digital sutput signal.

2143, A=5_Flp dg,a -

The signala from the input compersters are high (1) only for the
tise that the instentaneoup valus of the input voltage is more nagetive
than @ presat level. for this recason, deats otorage ie btovided by RS
flip-fleps which stores data from the comparaters. The flipflop is set
by a high signsl from the empnr.wr'md resst by clock-phase 1 at tha

atert of each negative half cycle of input line voltage. Thero are four

RS flipflops.

— 20—



2ty G=tlipflepys
D-flipflops store. dota from RS-flipflops. D-flipefleps previds a

ascond level of date storage. The D-flipflops ere clocked by Cleck-phase 2

in such a way that they can only chsnge stata (1) whon a Rew tep is to be

_gelected and {2) then enly the input line voltage reschas the paeper velus,

g,[agmgno-;am
S.input NAND-gates sre used because 5 transfomwer teps ars to be

pr;\)ﬂéd._ The output-of-eny. NAND-gete is lew only when S-inpute are high.
Dutputs of feur D-flipfleps ere sight in number end distributed to 25(dtwerky
.gf.ﬂn.) input terminela of 5(4"'-':‘-.'); NAND gates. The combinetion is in such s way

that only one NAND gate will hsve lew-output at a tine and others will have

high simulteneously.

845, Contro) Pewer Supplyi

The control power supply (1) prevides operating pswer t ;fl stages, .

{2) generatsa a dc reference voltage that is used in various parts of the

syatem and (3) provides e phase refersnce signal to the clock squarewave
generater. .
3-1.F. Glock-pguare weve generntor;
| The clock nqucrg wave Generator is = comparster that comperes the lins
phase signal with a dc reference voltage. 1t genersts & rectengular wsve that

goes low shortly after the pasitive to negestive zero creseing of the input line

voltage. It's output gees high little tiee prior to the negativs to positive

- 21



zero crossing of the irput line voltage. The cleck squarewave gensrator

drives the two-phsse clock generater.

§-1°8. Twe-phage clock gensrptery .
Tha phase 1 clackpulse is gesnerated when ths clech-square n-;ro gensrster
sutput goes low. The phass 2 clockpulse ip generatad when ths cleck squars wave

generaters output gess high,

A4+9.4ow inout voltpqe senser circuits

The low input weltege sensor circuit lmn the suput voltage of the
contrel pewer supply. 1t's output i‘n high if the 'nwplyi veltago ie too lew te
run the contrel circuit. This signal -‘tl lmﬂ.d and gent %o B-fupfllp.' This
dats is clacked by clack-phgse 2. It {o then sent te NAND gates whers it
l.nhiblltc nerwal tq:-nitc.h drive. It also ocpens the centact K1 -Mch “sovces

sslection of tep S, shoyting cut the tranaforner.

A~lrjo,Pewer Modulpy
SCRe erc ~onnected inverse parallel %o switch the taps of the reguleting

tranafermer. The SCR pewer module congists of fivo selid stete switches thoss

correspond to five teps on the rcgulating trensfermer.

2=L11;. Line lens end overvoltage pretecter circully

Linsless circuit sperates when there sccurs an unbalencing dus to short

circuit or open circuit in.the regqulator er in the load systss. When the unbalen-

cing occurs due to sagewoltege in any phase, over vuitm eircuit will eperate.

Eat’
- . .
t e

- 2

e S
. b .

.-2_1-



- tiven the unbalencing is due te shert-circuit, opan circuit or lew

veltage in eny phese of the oyateis, only linsless-circuit will
operate,
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DESIGN OF THE INPUT 'ATTENUATGR & RECTIFIER SECYION,

Dtsmn OF THE COMPARATORSECTION, LOGIC CIRCUITS AND THE DRIVER.
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GENERATOR. P2

_DESIGN OF THE LOW INPUT VOLTAGE SENSOR CIRCUIT.
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3-1. E§!Eﬂ OF THE INPUT grrgngg]og AND RECTIFIER SECTION:

oo . e e o

e L e . : T X

’ The dasigned circuit for input sttenuator end nctifier 10 ahoun
in figuro-?. In the first helf cycle of ths ac powox cupply, current will
flow only through the diode CR and the resistor R. In the second haf cyc.le.
current will be opposed by the diode and will flow through the varisble
resistors VR1, VR2, VR3, vnd and tha fixed reaito: R. Hb can get garious
outputa from these varisble resistors for inputs to the conp-rstorEjLet
us taks 250V for design calculations which ie tho upper limit for regu;-txoﬁ.
Voltoge at point B of the _cirl:ui.t in c@ritnrilly choasen to be 30V, power
reting for reaistors is 1W sbitrerilly chosen, {¥ powsr disgipetion ia

congidered through tha resistor for safety. P o VI {Power factor conside-

tation is not important, hers.) For ths cese when the diods ie forvard
biesad.
* e 290 x]
1 =a2mA
VeR!
-]
250 « R x 2 x 10
Re 1.25‘0
For the case when the diods is reverae bigeed, .thn current will be equally
shared by 4 verisble resigtors. 20K veriagble resietors are chosen srbitrerily
for the purpcso. Total resistance = 20/4 = 5K, current » 230/130 o 1.9 wA. which

will be equally shared by four varisble resistors. Now, we can tap different

valtages from thes verisble reaistors,
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3.2, DESIGN OF THE COMPARA .T10N, LOG I v

-
-

o
Ky

We teks the refsrencs voltage, VR = =6.2Ve

S0, Input voltege, Vi must be greater than «6.2V to get an output

temminal changa.

for our design, we can consider the relaticn.

(2]

Vi - VR.

As the refersnce voltage is negative, we must rectify negative
halfcycle cof the sinusoidod ac input. Negutive half cycle is rectified
for the adventage of having a coxmon garth ling for both dec. end aCe.

currents.

[5.4]

We cen taks the help of truth table to deaign the logic circuits.

Nurber of comparatorse 4 (four), Nusber of RS- ﬂipflopi

« 4 (four), Kumber D-flipflops = 4 (four).

Nusber of NANO-gates = 5 {five).

The truth tables ere shown in fig. B, _The giming | ﬁngr.-
is shown in fig.. 9, S input NAND-gates are selscted, bocauea we shall
regulate the voltege st S-different phases l.o¢; zqg-m;z’n—mo-_zsuy.
 The S flipflopa end the D-flipflops are shown in fig. 10.MAND-gate

connactions are shown in fig.1ll.

-nF -
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3.3 DESIGN OF THE POWER MODULEs

RURCEE N S SR

- I L

Wo designed the regulator sa 1KVA rating. Mgximum current to be

drewn ls Jz% s 4,2A. 50, we gslect the !CRi end Teiecs of 9A rating.

Let ue firet design the circuit, then we shalicalculate the components

4]

valuss. The circuit is first developed as shown in fig.12.

When tep 1 is to be selected , the control sssenbly draws a negative
curfent from thas gats of uz This turms 02 on and cyrrent flows from ts
through 02 to tha gate of 03- This turns Q3 on. When Qa turng on, it provides
s path for gate current for either Q1 or Q‘. depsnding on ths polerity of the
voltage at E’. If.g' is positive, gate current flows from E' through CR1 and
Q." to the gats of Q- If E' is negative, gate current flm-frm Em(v@“\’:ﬂ)

through CR2 and Q3 to the gate of Qt. C

[5.¢]

, wnd n‘gfﬂn @ snubber thet protect

the circuit from high dv/dt.

Teps 2, 3 end 4 operate in the seme menner. But Tap 5 operate :I.r_i o
di fferent mannar. Whan nommal line voltage is present, Tep S 13 to bs ulacte&.
Yap 1 is selectad to step p low voltage 210V to 220V. Tep 2 is selected
40 atep up very low voltisge ( 200V) to. 220V, Tep ) is selscted to step down
high voltage GZSUV) to 220V. Tep 4 1 selected to stepdown very high voltage

240y to 220V. Tep S is selected , when noral 1ins voltege (220V) is present.

Tep S which is connectad to ES muat be turnad on gt all times when
the contral powsr supply voltage is too low for proper npor.ﬁon and when

normgl line voltage is present (220V). This tap is eslected, when thes control

— 39—
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12

power sq:piy is coming up and when the imput ac wvoltage j.s below reted nini.i{n
{below 200V}. When nommsl line voltage is pregent the contsct ewitch K1 shorts
the gate of Q17 %o ground. When the control power supply voltags is below rated
winisum, K1 remains ocpen. Gate furtcht is then provided to Q17 from €5 through

R1T and C5. This turns QL7 on which turns Q20 on which in turna Q18 and Q2%

on, slternately.

We first consider the current limiténg resistora,To limit ths current
through diodes and Trimcs te {fm'ﬁ*.._ we should use the resistor value as
'%%“:’-gﬁﬁﬂﬁ‘;"“l- éég‘{;gtax a&ggbimhnu is available, $0,;35TiKchme 1/2!&!‘0.1.-
tors are used. Diocdes CRI and CRZ are designed for 1A SOOV rating. For snubber

[

circuit, let us teke !}LS“ time gongtant.

S0 1675 . re.

Lot us congider » very low resistance a.9. 10 obms.
-6
So, 10 = 10C
or, C ‘I 0.1 uf,

voltege rating should be spproximately SOOV.

%0, 0.1 uf, SO0V, which ars svailsble ere used,

The circuits for teps 2, 3, 4 and 5 ars to ba of the semes design ss the

eircuit for tep 1.



3.4, .DESIGN DF THE REGULATORTRANSFaRMER ANO THE POWER SUPP LY TRANSFoRMER.,

R
’b’l'h | + The degign sheet for the ragulster transformar is given below:

-DESIGN SHEET

W = K¥ output = gyA output « 1,

Primory woltage = 200V, ; very low voltage condition
Sacondsry voltage 1 = 220V, ) (twp 2 walect) .
Primary voltage = 210V, } Low voltege condition
Secondary voltagm = 220V, : (tap 1} select)
Primary voltage = 220 V, ! Norwal voltags condition
gecondary valtsge = 220V, ; ' (tp 5 galsct)
Primary Wlt,..ga -2 Y, ) High voltage condition
Secondary voltege = 220V, C) ~ (tep 3 select)

)
Primery voltage = 240 V ) Very high voltage condition
Secondayy voltags 220V, : ‘t-p 4 _.alact).



=8

. 1

e

CALCULATIONS s _.-_T,«aa I
. P

: Erpirical formuis '_9?' '

Volts per turn, £ o 100(5e 1) - W"*” |

90, turn per volt = 1
Current dennity = B00A/Sg. in for copper.
Croso-naction of the wire per srpers = —%{0— = 0,00125 sq.in.

&— - s“.

Awpere rating of the transforder = 200

4

Cross-paction of the wire = 0.00125x5 = 0.00625 sq. in. oz 13 SWa.

The cross-section ef the core ia shown in fig. 13,

UZ-O»LZ-CZ

C

L - F\‘(“‘E.'\‘b

when the crose-section is squra{
Nzowzuc?or.zvznczoru'-u 42 .

Cross mecticnal srss is given by the formule,

[12]

Aw g x lﬂa
25.81fF @
Where A o cross-section in sq.in,
£ » volts per turn.
f = frequency in Hz.
8 = Hagnetic flux density in gauss
F = form factor o 1.1l.

N



Here, B = 12000 gause.

lx 108 .
= 5.8 eq. inch,

A " :
25.8 x 1.11 x SO x 12000

The lebelled sketch and the ragulating circuit of the regulater

transformer is shewn in fig. Vi,

—3F
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Sl, No, Summary of Calculations

1 Volts per turn, Vt - I¥
. Teppoints 1.2 23 34 45 56 T8
r 8 ~ Windinge — - s e e e
No. of turne 10 220 10 220 10 20
) No. of coils = 2 . (One is the multitapautotrensformer snd sther is
NI

ths auxilisry secondary winding).

4 Turns per coile = The multitep autotrensformer portion has been
duaigned foxr 470 turns and thes suxiliary secondary
winding portion hes besn denigned for 20 turms.

S : Current density, A/S qr. in. = 800

6 Cross section of Conductor = 0.00625 sq. in.

T Dil;ennioﬁ of tha conductor = 13 SWG

8 Ciou-eectton of the core s 5.8 sg.inch,

9 It is & transformer of spproximately unity turme ratio, eo MT

and LT conductor aizes are the sawme.

....Bq.....
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34,2, The design sheet ’ for the peswer amply transformer

is given belew.

QESIGN SHEET
VA auﬁuut = 100,

Primay line voltage = 235 Y

Secandary tap peints = 15V, 30V, 125V,

. The lsbelled sketch ef the pewer supply transfermer is ghawn

in fig. 1S.

— Lo



0%l 8 |
—EJ;!‘-O—— Sqe 1"'

Cnosﬁcoctinnal ares, _Aw=

25.8 F8
. Here, B = 12000 gauss.
0.2 x 10° '
S0, A et = 1.2 sg.dneh,

29,8 x 1.11 ISO llm

From current deneity for eoppar.: '
Cross-section of wire = 0.0012% x 0.5
- 9.0006_23 8q. in,

S?i.z‘e of the wire, WG = 22. ‘
|
|

TO 250V

g
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si.ib. Sumeary of Calculations

b S Volts per turn, \ft s 0.2
2 Total no. of turns -2 . - -4 13

' .1 150 - 625 1175
3 . cm.ﬁ'eﬂtm 0' thﬂ “1:”. sq. 1“. ] 0-0&62’

SWE = 22
4 : Cross section of the core = 1.2 sq. in,
5 It is an autotrensformer, so the conductor size is the same
throughout. [ﬂl,loj
k.

supply to S(five) ICs require S00 ' mA or 0.5A, comsidering 100mA for 1 IC.
Power, W = 220V x 0.5 = 110 - 1008 < 200VA. [1]

. Ellaixl'ical formulse, £ -——-'—— - —_— - —

100 ( S4 1) | 100 {540.5) $50
W wvolts/turn = = . 0,18 V/turn T 0.2 V /tumm:
L T : 50
S0, turns per volt = -3 = 5.5 < 5T/volt.

c.16

Se, for 235V, No. of turns = S x2)5 1.1'{5
for 125V, No. of turns « 5 x 125 = 'sz_s ' -

for Sﬂv. ¥n. of turre «a5Sx3 =1%

for 15V, Na. of turns = S x 15 = 75

- 42—
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The circuit design is shown in figure =16

L2l

The clock squarewave generstor ic e monostable nultivibrator.
A comprater is uaa&,uheru refarence of 6.2V is spplied to the inverting

terminal, AC.'voltege of 10V rms .00 14,1V maximun valus _{ 2 15V)

is spplied at the noneinverting terminal. MC3302IC ip uncd. Cs is designed te

| ' e —— : PHASE TLIO

¢ =
(RGK! oW . ft cLocw PULSE
4

g 0b “?_

CLock SLQUARE WAY E

e
_6-

3
NEEE T L/ gaopt = ¢h

|‘ . oy PH ASE Nt

! F’.ﬂolﬁ

- | =6
have the value 0.1 uf 600V end R, » 1 ol ¢ V. Time conatent Ollxll} X 1

32

Oel u goc.

CR 7 i selected for 1,/4f, 250V, It is used net to shert (-10V) line to
fnput signal. In the first hplf cycle current flows from the lins threugh
CRS to earth, In the ?acond half cycle, c.urrent from garth threugh Cs. char-
ging the cepacitor, Agein in the next Kl{¢ciyela, the capecitor discharges.
The capacitor Cg will continue to be charged till the voltage resches the
referance voltege. Oiode CRIC e providad mt.h:ha:t (=10V) line to inverting

terminal, The trigger pulse P 3 is given to change state of the monostable

-

%
multivibreter. L 1

(%)

The two phase clock generstor is constructed by invertergand cepacitors.

The cepacitor will be charged and discharged only around tiaing tina and falling

tine of the squarswsve and ﬁulsaa gre produced. Very low timg constant io designed

43—
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s, GSUPF cepaciters sre selected, Resistors ts earth are selected for low

volues. The pulses genercted are shown in ths timing disgram.

3.6, DESIGN OF THE LOW INPUT VOLTAGE SENSOR CIRCULT: ’

The designed circuit is shown in tig. ~17.

The lew input voltage sensor circeit is nlaq 8 ucogpandz,.ﬁafaranco
of 3,3V is spplied to the inverting terminel and 10V dece is spplied to
non-inverting temminal of the comparator. Operation 91 splifier of fha
comperator has get ﬂzs the bies resistor of value 20K and by pese cepacitor
of 0.1 uf SOV, R2T is of value 39K ia the shart setuoen outpu?ftzi non-in-
verting terminal snd is provided to meke the gain of ths comperator unity.
26 is slso the biss resistor of 5K. Diode CR8 is for protection ef the
cireuit, (R , is of velue 4. TH T 10V, electrolytic capscitor ta make the

2.

refarsnce conatant over very quick changes.

Capacitor C3 1 uf 3TOV paper type is used to prevant ac to come to
dc line, because both sc end de supply have got the scme sarth. Resistors

R.., 17 and 18 are of vslue 100 k 1/2W and ere previded for earthing the

15 -
[ 4]
1qvertura.
Ry

YT P —

2K
1.\-\\\_‘ R D FLPE LGP
o 4 To NAND

P, crLociPuL &g
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FRoM 208V 1O 250V c

‘The designed circuit is shown in fig. 18.
This power swpply circuit is .deoignqd for sn output valtege of 10V.
Giodes of 350\!, 1A rating are selected. Diodes CR.10 snd CR 11 from the

fullwave rectifier. The ra:tifiod voltege is fﬂtorod by Ca of valus 200

‘uf 16V slectzolytic, The voltsge is regulated by the 10V zenex diode cna. ‘

The Zaner diode CR, s used for regulation of <6.2V which 1s spplied e

rofarence voltage to compardiers and low input voltsge zcusﬂt circuit.

BS"\G:}

R ia » X resistor !.s uged to limit current through l:l!‘ 3

22
ALY
[ REF
s v
R,
Lio-n.|
\RY
|
\J ‘
20 A%
o1 1w
7
LOAD
ponER
JoF ALL
S £TARE
|2 R
v

il 18
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3-8, DESIGN OF LINELO3S AND OVERVOLTAGE PROTECTOR CIRCUIT,

The complete lineloss snd overvoltage protector circuit is ohown in
figure 19.

o

Linelogs circuit operstes when thers occurs an unbalencing dus to short
circuit or open circuit, When tha unbalencing occurs dus to overvoltags in any
phase overvoltage circuit will operafe. Butluhon the unbglancing is due to short
circuit, open circuit or low voltiage in any phese, only lineloss circuit will

operates
2.&.{5 DESIGN OF THE LINELDSS CIRCULT:
o Lat

~Ua design the cIr;uIE for undsrvoltage, it will be sufficient. Beceuse,

the circuit, then, will surely operate for short circuit or opan circuit. Let us

design the circuit for sey 5% under voltags is any pheoe.

So, phase voltage will be 220 Lj?o v 220 [;gpi/-nd 210 £g£p° \%
- The gbove figures have been teken by conpsidering nominel pioss voltage to
be 220V (lina voltage to‘beigsogjnnd only voltaget'impfoaoad grs unegqual mnd
voltages differ in equal phnsa--nbleo.

For design purposse, let us comsidey R' . R2 and H3 to be 100K, lW. The
figure is selected by trisl snd errer method, %a&ing into sccount the low
referonce (bslew 10V) of differsntial lnplifier.['kj

220 [o° o
1 a'e = o w 242 0 A
7 100 LJL" - '

(o]
rp <22 LI . 2.2 [ _120°A
100 L0
o
£240
lotg = —— =21 £_240%A
wo /o0

wWhen volteges -ée balanced snd congequently lins currants sre aloo balenced

becouse of balanced three phece load,

fa's + Ib'b ¢ lc'c = 0

—
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But when, the voltages sro unbalenced and conaequently eurr.nt.:iiaii
5
t will flow through theipath:ng.

Lo

also unbalenced os calculated above, a curren

i

The circuit design is shown in fig. 20.

— U GQCL

NE; f
T C) i
|
L g

Flcr.-z.o ) ‘I‘Kn

I::'F

The value of the curzent ; .EQ

Ing e 2.2 £ 0%% 2.2 178" + 2.1 [200°

« 2.2+ §o+ 2.2 0 0.5+ J0.866) + 2.1 (=0,3 - Jjo.866)

! @ 2.2 1.1 ¢ 1,91 = 1.05 = § 1.82

e D.05 + j0.09 A




wl T i

_-JU.USZ + 0.092 = tan -1 w :

1

«{0.0025 + 0.0081 ten

m taﬂ'-'1 1.8 - !

-'O_.I_O.:! Lﬁgﬁ A, considering no resistence iu:lth the ne,gtrcl. 3

Lat us consider, the referencs voltage sat fer the differentisl
 gmplifier to be 6.2V for design purposes. 6.2V hn_&\a"_‘diodu (3]

nv-iloblo-_lq order for the linsloss eircuit to-wcntc. voltege

after CR, must axceed 6.2V. Let us congider tha veltage for our

design purpese [thtsa 6.2V, d.c. The ripple voltage is neglected for

£

deaign purposes.After rectificetion, the hal4-wave is maintained ot

maximum vslus by the filter capccitor C' eas shown in figure 41,

\// U'“\ . ‘V\ AA!

@) VOLTAGE BEFORE CRU . (b) VOLTAG E AFTER CRL4 WITHOUT ¢

(c) YOLTAGE AFTEK C¥h @) NEGLECTING @ipPLES.
WITH C1 CONGIDERING ~
RAPPLES., ElGe- 2

— L9 —



50. Y = 6.2” and
Bax -

Voltage befors CH‘

V - g%’ - 4.‘\1‘

™ms
In erder fer the voltage tc be devnhped at ths mede of Ri' Rz and 83
ise. befors CR,, Resistance Rg = -8‘5;65 = 43,1 ohas A/ 45 shms, 1/2M,
To provide o path for negative ﬁa‘} cycle,raaiotnnco Rs ig previded for the
rectifiagl value of R, is chesen so that 20% f current through R will be
drainsd, S0, it will be BO%X or B tines the Ry i.a. RG e 4528 = 360 ohms, |

1/2%. In this case it is the tam{tn the rectifier.

(o) CR, in selectsd of 250V rating which is availsble IA cepacity.

The fermulgs fer filter cspecitor is C = —Jnf—“‘—uf

wWhere A = load resistance in ohma
f « frequency of ac supply.
c » cepacitance in uf

. 96000
® ESE6x 7360

- 1‘-7 Uf.
195 uf.

Singce it ip & filter ccpecitor , we selacted it of alectrelytic type and
because the voltage in low, it of 25V rating.

(b) Teking 1mA current through the circuit, gv —m 10V

. -3 -3
0 .
C-Ldt _;nl x 20 » 10, . 2.0 uf.
Av 10

Neaign (b) is preferred.

.....6'0 —



(8) New let us design the cireuit for the situation when cne phase is open
‘circuited s shown in figure 12 »[for design we are required to assume some
values, use some smpirical formulae end some thooretically proved steblighed

fermules.
/
A T_/_l_ﬂ .....
Ry
220/ V
tl"”_**
230ft2ey
I I
b/ o ;b .
o) O
240 Ziég vV z
[V}
-
O
s VOV
/
2@@: . o
la'ca = 100[_:' 2.2 Q_A
!b" L J 220 2{ Ao
jeo )
Ictec = DA,

Ing = 2.2/0° + 2.2/120° = 2.2 =11 ¢ jl. 51. A

= 1.1 + §1.91

Ing -\h.l ¢ 1.91 tan~t n LA _ A

13
\1.21 + 3,65 t..m‘1 1.T4 A
{386
Ing. = 2.2[&, A, congidaring no resistance with thes neutrel.
4.4

Rs » Tr - 2 .t‘.. 1/“
Rg = 16 chma, 1/2¢

€ w330 uf, 25V.

-1



20& oA

b « .zae.t.s.m.. . 2.2 mo.
10 £ 0°

lete s l’,f_’ﬁﬂ.»u = 0.01V /_240°A
100 /_4of

Lot us congiderc, fer deaign pu:pou. valtoge after CR to be S.2V deoe
/MS vnltago before CR h .T = 4,4V,

By trial end eryer, lat ua fi.x the nainhngq lls ta 10X, current threugh "5 o

!ﬂg - .:::m e 0.46 mA, TRE.

20¢

when halansil condition existe.

TIa'a ¢ Ib'b ¢ lc'c » 0.

- 5=



When unbslanced condition exiata,

Tsa' + Ibb' ¢ Iecc' = D.46 @_.:yx 10-3 Ae
Considering unity powsr fector.
-] : o © - -3
22 & L 2 2.2{ lm * 0.01v &B - 0146 0 x 10
© 0.01v /240° = 0.00046 - 2.2 - 2.2 /120"
V/_240° = 0.046 - 220 ~ 220 Laxn”
V - 0,086 / 240" -220 / -240° < 220 [ 120"
o 0.086 { -0.5 ¢ J8.B66) =220(-0.5 + jo.866)

e 220 { 0.5 - j».B866)

0,023 & jo.040 &+ 110-ji%1

+ 110 &+ §191
= 2720 » je.040
--Jvzo + 0.040° tan ! ._.g%g‘
~ 22 [o°

So, we cannot gat the result, varigtion sbove 220V is negligible.
" 50, design (8) is mere reslistic

~ The Ovlrwltage condition in ahy phase will cev .,walance to the I(three)
phesa system nede. But thia unbalance condi ... . will nat be aufficient to
opar-te the lineless circuit. So, to operate the line less circuit, complete

epen or shert circuit is necessery in any phase.

—_— f;b-‘



3.8,2. DESIGN OF THE OVERVOLTAGE CIRCUIT:Z

e e

. Overvcltage circuit for P"ha-s:l;,'l,ié gshown in figure 2.‘.

: T LINE
Yoot
b
i
|20 K
el e m —y == [,
;L L
:‘ér- T}'- Pa ' S V
e Taseiie
Rty 19 -

How & perfect dc volésge is obtained by the ac supply is ohown in fig. 25.

AN

(b) VOLTAGE AaF T8k C =31
AT HOUT O n,

.‘1\-_..//\\._ _____ e \ ] s
Vi
© VOLTAGE AFTERCRI () NEGLECTIMG RIPPLE S,
WITHCZ CcoancSiDE i le '
RyvpL BES.

FiG 25

~ ~Bh—




Curreat threugh CR,

no

O e Ao sl
Ry + Ry2
Let us assume 6.2v, st peint s, when st ppint b, veltege is 310V, fer design

[15]

purpese.

(310-6) s 6 = A, 3 Ry

and '6"212'"4

Ss, if Rﬂ!- « 30 4K,
aq - &
Rq L 3 k-
Te be on safe side, by trial and errer.
We eelect RIZ - 120(\
and Rq w 2.2,

Analysis shows that these sheuld ba of 1/2, ¥ reting

ltll1 is selected fer 500V euctifiar and JA cepacity, becsuss,

Current -
390

1 a e w 2.40A,

125

6.2Vraference i thamaxinﬁ:r;!t can ba veried for 4V te 6.2V,



Oeeign (a) , | '
[ |

Capecitor,C, 1s

C. = 196000

]
2" 1% = 6 %10 " 088 vf '

veltage is selected te be 10V fer the capaciter.
Similer circuits are cenatructad fer the phases 2 snd 3.
Cesign (b)

1 x 107 x 20 x 10'3

Cz = - 1 - 20 uf, 10V.

Whexe Av = 1V,
Design (b} is prefered.

The designed circuit is shewn in figure 14. i

(5]

Limit . ef averveltege ranges

When raference is 4V, the circuit bresker will trip when |

VZ - ‘V.

S0, V1 4=1200 2.2,
v1-2mv.
Whon rafsrence in 6.2V, the circuit bresker will trip when Vz e 6.2V,
v1’! 6.2\‘ 120 1 2.2

v1' - 340V,

i
S0, sverveltsge limit may be fixed ts any value frem 220V te 34LOV.

— b



3-8.3. DESIGN OF THE POWER SUPPLY CIRCUITy

c———- -

The Pswer supply circuit is shewn in figure -26. T qQLV
CRS
a o — —>— REGULATOR
TRREE PHASE , - +
, CRG _ -~ Cg
s e e o] e e b mairm wer -
e T ums
ooV
LANE -
CRT
C o ?;-J‘...__-_.........._ﬁ—s-n:-z-g - —:_

The simple tﬁree phase halfweve rectifier chcu.i't is prefarrsd sgainst
[1s]

bridge rectifier circuit by uﬁiaration sf the q:p.licati-n.

Diedes CR, CR

g, “Rer CR

7 frem the Rectifier.

These diedes are eslected for reting ef SOV ree. Becauss of mescntary

shert circuit in the circuit, infinite current will flow, threugh the

diedes, se a resistence is used {n asrins with the circuit bresker trip ceil.
The rectified voltege, has the magnitude sfter filtered by Cg, V_« 400V2365V.

Se, the diedes ere selected for SO0V mms. 1.0, TOSV caxe Te limit the current
threugh the disdes te SA, @ Resistence isvepuirelts be comecled in series with

the circuit bregker trip ceil. Se, R.. + RTC = Series Resistent+TC resistencs.

ReReae R = l1DOhmMmg N 115 stme, S¥.

TC
New, veltoge rating of ;5 te be selected io £00 v,
c - !zm . 5.3 " S uf.
5 150 x 2 x 10 *



" b
Suppesing lead te the pewer supply t© i&. for dz}d:qn puUIpeDe. |

eSuf  2ftel2”

t-_IZB w2 m pote
T80 x 310

(@) THMREE PHASE SUPPLY

e T T e T T -

'(b) VOLTAGE AFTER I'.'5 CONSIDERING RIPPLES

Vo

{c) NEGLECTING RIPPLES.

fig. 27,

500 V, chawuing ef cspeciter ta be sn safe side, 4 times, Av = 2000V
Denign {b) ie preferred.
Hew & perfect ta de veltage is sbtsined frem thres phage oc supply is shewn

in f;ig. at-

— G-



.
FROM

1. - o ceTe.
o ) L :
RQECTIFIER 24
C Ry
I
Te,, l '
- a 8 Rl?’)
Rz\ 'Ii(
L —aw—
UL
S cRq
. _, i, e i ~— ot RN
E\{'!"}_g. A '° T 0 ‘I
| e 5 *_L N . To Sck
(EFAMP ANODE

The designed circuit is shown 1n-f_1q -t

. The aimple shunt requlater by cnm. will cause dieds current significant and

large changes in dieds current preduces -igniﬂc-nt:ch-ngu in lead valtags.

The operatien is i.np:mied by using the translister qa. for current emplifi-

dieds CRm ond Rasister Rz‘

cetien., The combination of tmht-r:na. and R

23

cen be congidered te be » cumpesite shunt reguiater d-vlu-}--'ei

i1 -
~ The current af the cenpesite device hE‘ '
565 hfe.
lo-!'. "IRZI'hfg 18+ “gor
S63
a hfe tlB * A24 ,

Thus the disde current and dieda currsnt changes for the circuit as wel

g sutput veltege changes will be abeut 1/hfe smaller than _s:'ll,i.hr guantitiew

withsut the tranaistars Qn-



VLD = Opersting (neminally censtant) lead veltege.
= 94V

IL _»I 1 whe

V.. = Supply veltsge = 563V
T et

s » Seurce resistance = 0 shms,

The series tronsioter must have s pewsr rating of PT = 565 x 10'3 o
- 00565 '

The transister, MJE1Y003 is suitsble hfe « 100

21 o x 10 10 = 10-
50K, 2«

Pawers P e 471 x 10 x 107 = 4TI W'
- n
n - -—-—’1—— - ‘“ mx' ZH'

2 2 x 100
P add x2x10") « 0.2V

94V is selected ws regulated valtage which is 1/6th of 5635V,

Oinde Cﬂa and CR9 sre for sver lesd pretectien,



3-8,5, DESIGN OF THE 6.2V REGULATOR CIRCUIT:

FRoM
AUV REGUL ATOR

94 = 10x10°%1 + 6.2

R b
lo K
Ii! e "'""g"-"" =3 » 6.8 WA,
B | ; 10 x 10
s ﬁ + T 10 sA.
CRizs A ) ey
AAA Tl
PRV
- ! ~
L TO Qg v
e = Y
Fl6. 29
The designed circuit is shown in fige 29. | D 51

The refarence is erbitrerily chesemae 6.2V. Se, 6.2V zena'r dieds is used.

Power is Puf.2x 10 mA = 62 mW,
1n 82]1A, Zener has get these charscteristics.

Rz‘ is selected 10K, 1¥ srbitrarily which will drep sewme veltage befers the

reguleter and limit current.

P S S S o.ex;g"Lgu:;g_a_
k2 Av 6

-1 uf, 10V

R - ZK; /32 erbitrarily chessn te limit current and te drep sema veltage

22
- bafhrq ths latch.

CR,, is for everveltage protectisn 250V, 1A.



. ' : ; | .
-8,6 1 DESIGN OF THE OIFFERENTIAL APPLIFIERS

' ‘ R A4V
' N 22
N 1
Q Ry —al ‘
ANESY A I Q qu %
Ildj B
Q, , | éz;:_——
EPUT ‘lﬂﬁg;jl _ —ro.cg ?)
B \bw> s |
NPT A 1R ,K{\
Bl @
aq*,;:.;/-. Y 200SIT | Q¢
(1% T ! » I
- “m(, _ﬁ) 4 ?-INQSI <
.CP'}Q.Y: A 2NGS‘IS. | '
Ro

. \,NPUT'

FIX. 30

The designed circuit is shown if fig. 30.

C6 ‘is bypase icép-cit-r._ -

Ryg 18 bies resister, 10K, 1/2¢.

9

pas L9
‘ l'.‘s - v ¢+ Hore we cen teke it 0.1 uf,

The tronsisters will have t.o withetand the veltage ef chbeut TSV. Se,
spproximately 3 times rating f.e. of 250Vtransisters ors uqfuiraﬂ: 1w,
N €515 for NPN-5i transister are useds

2N 6518 fer PNP.Si tranaister sre usads

L

‘RED s 10K, 1/,

BRY ]

Rag




556 5

The veltags te ‘the base ef transistsr(). can bs veried frem 4V te 6v

fny the varisble resister !25 snd st is the current limiter, erbitrerily

chagen o8 5 K;
Cy o the filter capeciter chesen es 0.01 uf, 25V.

Say, the bsae veltage te 9-6 ie SV. Thig 5V threugh the enitter sppesre

v

acrese R, with o drop ef 0.7V,

1.0 v

R20 ,- S - 070 o 4.3V,

But the voltage is required ta resch 6.2V.

Thie roferchce veltage af 4.3v will prevant L.Sy@ OV, @, OV end

a0V to smpear screns e and 4.3 V will net sppeas ot the bese of G,

ls lﬂd Q‘.'.ml,.’,n L.9. or ?' ov oz ﬂ' I?V or % OV will exceed (_‘.’ ¢ 0.Tw

SY) the references veltage ff ,‘S‘V. the full veltage scress -'23 will be

frem Q, or.Q, ox Q, oF Q.. This bese current of Qs Qye Q, oF Qg will
cavse .csnechr currai_\t of the corrsspending transister ts incresss
sharply. Thia shavp incresse ef collecter current will flew threugh the
base of q' uhlcfj will cause 9hp:_p_ %.N-.'-NOOQ of callectsr current eof Q‘.
which will hsve ferward path thrsugh emitter eof Qz and lm. when o shazp

[e]

incresss of veltags will happen scress Rm.

!c w hfe 1B, ' -

- 62—



3-8.7. DESIGN OF THE sCR CIRCULT:

- .
Vo

2LV

Rl l e
RN REE=
o oy (D) —IT—C“’
ovepAmg S| | e
N &"?' S"da N
a3 0,'6““&
Wl sy o
FiG 2l

The designed circuit iz shewn in fig. 21\,

frem previeus cenaideratien, the SCR Q7 is selected ..for 10A reting.
Beceuse, wo 1imited the current te 5A. Se, Quhlc ie taken fer rating.

Veltege rating is 1000V.

After the valtege of RZO excaeds 6.2V, cn“ will breskdewn and
current scress RZT {9 1k by triel end nrr-r.nothld, cqo.ox uf 23V is &
e

bypsss cspaciter, arbitrerily chesen.

_ -High '3':- will .hggt circuit the SCR, which is dangszsus fer it.
Se, the Suapber "zo and Cm are used te pretect the SCR frem high dv/dt.
At the time of triggering ef SCR end tripping ef the circuit breaker,

[#

high dv/dt will sppesr ecress the SCR.

—_ (;Jl.r—’



puring thé:' high dv/dt cendition a perallel circuit

* .
Cc‘nsk“_»{t‘hg - of st -and CJ.O is previded te share tha current which would

 etherwise flow threugh ths SCR.

dv,_ 1 a 1 50‘10—3 . 565
_ 1 x10
107 x5 -3 -2
C--—-—s-z?-—' = 0.0} » 10 ° » 10
e O.1 Uf

w 10 ohmp ie selected to 1limit the current through

L8]

A Yow reaistence R?‘3

the copacitor for the safety of the cepaciter,



CHAPTER-IV



Ly-1 - D1SEUSIONS

The nead for e oteble sc pewer oupply nesds ne osphasis. Changes
. in the supply voltage levels sbeve and belaw the nsminally dsclared valus,
if 1t exceeds s certain limit may couse esries preblems. Fer centinusus and

precieien eperatien and pretectisn ef the system cohcerned, voltega regulc-

tdrs are ggsential. '

The sir;gla phase regulstar circuits ia ehewn in fig. 32.

The range of sutput veristien ie equal te steps of the imput vcl@aqo
ts ba regulated, i.c., if the neminally declared wtpuf value is ZZOV'nnd the
input varistien is frem 200 te 250V. The input veltags renge may bs divided
in pix sr sleven squal steps. The stape naybnmv o 210V=230V=240¥=250V o»
200V-205V = 210V= 295Ve 220V-223V=230V-235%-240V-245V=250V. In the formey
cese output -;111 vary frea 210 te 230V i.e. percentage varistien is_ M »
1004 « ¢ S% end in the leter case, ths eutput will vavy}w 25V te 22::01.0.

percentage varistien {s ?_"’gz_;_m- x 1008 + 2.5, Se, the mere tha stops,

tha cleser the sutput vslue areund the neminally declersd valus.

Vbltlaga rluguhtora sre designed sither te c'lntnl ooqtimnualy the
eutput veltegs by using buck ond besst transfermer ex ta centrsl in ateps the
sutput veltage by using tep euitchu In beth cases electnnle cantrsl circuits
sre erplayad efther ta adjust the pesitien sf the ssrves er te salect the “right
tap. ‘

The veltaqe regulater designed by us will previde en output which
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11 romain with ¢ 5% the declared veltsge sven if the oupply veltege
| . varies from 200 V to 250V. The regulater will be ussful fer demestic
use ( i.s. for refrigersters, television etc. )’ Ceiputm. centrel equipe

1 menta in industriel unite, sciantific end cocmunication aguipment- otc.

‘

A majer problem with thias type of tep-changer is the fact thot

the time st which thethyristor cecsoste cenduct ic ﬁffect.d by the lesd
powsr f-ctu[-:.é ]Thia ‘rasults in either preventing e tap thenge dus te reverse

bian !t"l the thyrister te be triggered or causing a ahort circuit between
tapn via twe thy;iators. This ic true fer an inductive ac well as t.:-pacitive

legds. S8, the input péuer fac'tor must be improved befere feeding the regu-

Jator.

Anether problem which wes mentioned sarlior ie that when enly

thrae teps ore previdad (which is the wminimum number ef N) ‘the range sf sutput
variatien is o waximun. So, te keep ths sutput vnlt.é. vary cless te the
nammally declered value, the number of taps previded te thc regulater—

trensformer fust be meaximum.

Anather digsdvantage of the tep changer i thet it preduces
; cengiderable distertisn ond this distertien is at e maximum at nominel input
veltage. Te alter this distertion choructeristic, additiencl trun.flmar taps
must be uaed snd thie will incrosss the number ef thyristers, Gates, Fupnap-.‘

-
Comparsters etc.



L

The neccessuty af AVR for differant instaollstisns end equipments
in our ceuntry is quite hgh. Fer lack of AVR, valugble equipmante are

gatting demagad er cennoi be eperated usefully.

It ia o fact thet practical AC regulsters using oelid state
devices are svailsble in the market, but the suppliex nover gives tho

intricate design precesses which is ths heart of the sporitisn of the

- oyotem. Our inveatigotian en this preject will help uo te oxplere the

intricate deaign precesses ef the regulater.

— ?O
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